This study was conducted to assess the impacts of climate change on drought over the Lake Urmia basin, Iran. Drought events for 2011-2040, 2041-2070, and 2071-2100 were analyzed based on the Standardized Precipitation Index (SPI) and the Standardized Precipitation Evapotranspiration Index (SPEI) and were compared with the adopted baseline period . The SPI and SPEI were calculated using the precipitation and temperatures obtained from the second-generation Canadian Earth System Model (CanESM2) under Representative Concentration Pathway (RCP) 2.6 and RCP 8.5 as optimistic and pessimistic scenarios respectively. The results of SPI analyses revealed that under RCP 2.6 the frequency of droughts is almost constant while under RCP 8.5 drought frequency increased especially in the period 2071-2100. The calculated SEPI under both scenarios and during all future periods predict that the frequency and duration of droughts will increase. Generally, the difference between the SPI and SPEI is related to the input to each index. SPI is solely based on precipitation while the SPEI accounts for both precipitation and potential evapotranspiration (PET). Under global warming and changing climate, the significant role of PET was highlighted. It was concluded that the SPEI outperformed the SPI for drought studies under a changing climate.
INTRODUCTION
Drought can be defined as a lack of precipitation, stream flow, reservoir storage, and a decrease in groundwater level (Chitsaz & Hosseini-Moghari ) or it can be considered as a period of time in which the available water cannot supply water demands (Tsakiris et al. ) . Drought is a natural disaster which occurs in every climate and has many adverse social, economic and environmental impacts.
Statistics have shown that 22% of the total damage and 3% of deaths caused by natural disasters worldwide are related to drought events (Wilhite et al. ) . Data from the Emergency Events Database disclose that over the period 1970 to 2007, drought caused over $29.5 billion of losses across Asia (Kallis ) .
While currently the impacts of drought are significant, studies have shown that global warming and climate change have the potential to increase drought occurrence and frequency (Sharma & Mujumdar ) . This has prompted increasing research into droughts and the effects of climate change on them (Staben et al. ; Anderson et al. ) . In this regard, Hosseinizadeh et al. () assessed the effect of climate change on drought over the Dezful basin in Iran using the Standardized Precipitation These previous studies indicate that the effects of the climate change of drought are different in every region. Therefore, there is need for drought and the effects of climate change on it to be assessed separately in each region. While many drought studies under climate change have been performed based on the SPI, rising temperatures under global warming also play an important role especially in arid and semi-arid areas. Therefore, in the present study, drought events were analyzed under changing climate across the Lake Urmia basin in Iran using both the SPI and Standardized Precipitation Evapotranspiration Index (SPEI). The assessment of the changes in drought frequency and duration was based on the findings of the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (Allen et al. ) . The study area, data, and drought indices are described in detail as follows.
MATERIALS AND METHODS

Case study catchment
This study analyses droughts across the Lake Urmia basin in Iran. Lake Urmia, which is the second largest hypersaline lake in the world, is the largest water body in Iran (Azarnivand et al. ) . It is located in the north-west of Iran and has a catchment area of 51,800 km 2 . During the last two decades, the lake water level has decreased by 7 m.
Under these conditions, the volume of renewable water cannot meet human and lake water demands. As a consequence, available static water resources over the basin are being consumed, which highlights the serious impact that drought can have on the economy, the community and the environment across the basin. It is vital that water resource planning for the future considers the impact of the climate change of droughts. This study aims to identify the potential impact of droughts under a changing climate to inform water resource planning in the Lake Urmia basin.
Drought indices
The most common way to monitor droughts is through the ) are the two most well-known indices. These indices can be calculated in multi-time-scales (1-, 3-, 6-, 9-, and 12-month intervals up to 48 months), so they can be used to detect short-, mid-and long-term droughts (HosseiniMoghari & Araghinejad ). In general, 1-month and 3-month time-scales are used to identify short-term droughts, 6-month and 9-month time-scales are used to identify midterm droughts, and 12-and 24-month time-scales are used to identify long-term droughts (Mishra et al. ) . The calculation steps for the indices can be described as follows:
(a) fitting the proper probability distribution to input data (P for SPI, P-PET for SPEI); Guttman () and Stagge et al. () have shown that using a default probability distribution (gamma distribution for SPI and log-logistic distribution for SPEI) can cause an error in the results. So in this study, the appropriate probability distribution was selected for each month in the SPI and SPEI calculation process based on the recommendations of Guttman () and Stagge et al. () . Table 1 shows the drought category which corresponds to each drought index interval.
POTENTIAL EVAPOTRANSPIRATION CALCULATION
On the basis that Lee et al. () demonstrated that the following equations (called the Torrent White (TW) method) have merit when estimating PET during the SPEI calculation process, this method was used in the present study to calculate PET. The TW method only requires monthly-mean temperature data. The PET value is calculated using the TW method as follows:
where PET is potential evapotranspiration (mm), K is a correction factor which is computed based on the latitude and month, T is the monthly temperature ( Table 2 .
Downscaling
Due to the coarse resolution of general climate models, their outputs need to be downscaled to a local scale. In this study, statistical downscaling was used based on the • the selection of super predictors based on the partial correlation coefficient between observed predictand (daily Table 2 shows the correlation between daily precipitation and temperature with NCEP predictors. Based on Table 2, four and five predictors were selected as super predictors for projections of future temperature and precipitation. For temperature, the 'mean temperature at 2 m' and for precipitation, the 'total precipitation' were superior to all other 25 predictors. Figure 1 illustrates the monthly average of observed and simulated precipitation and temperature for the baseline period. Based on this figure, it was concluded that the calibrated model simulated well both precipitation In the first stage after downscaling, the changes in precipitation and temperature across the Lake Urmia basin
RESULTS AND DISCUSSION
were assessed under the various periods and scenarios. The calculated SEPI under both scenarios and during all future periods predicts that the frequency and duration of droughts will increase significantly. Generally, there is a notable difference between the SPI and SPEI. This difference is related to the input to each index. SPI is solely based on precipitation while the SPEI accounts for both precipitation and potential evapotranspiration (PET).
Under global warming and changing climate, the significant role of PET was highlighted. It was concluded that the SPEI outperformed the SPI for drought studies under a changing climate.
While the uncertainty regarding the decreases and increases in precipitation and temperature which are estimated based on GCMs under different RCPs is high, the results of this study can indicate the future trend of available water resources in the Lake Urmia basin. The results of this study indicate that the available water in the basin is decreasing. It is concluded that this has major consequences for the viability of any new water development projects in the basin, which is a very important result for decision-makers. 
